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Dear Sir: 



I, Charles Cantor, declare as follows: 



1 . I have studied the human genome for a large part of my scientific career and a 
copy of my curriculum vitae is attached. I was Director of the Human Genome Center 
Project of the Department of Energy at Lawrence Berkeley Laboratory, and published the 
first textbook on genomics entitled Genomics: The Science and Technology of the Human 
Genome Project. I also was the Chair and Professor of the Department of Biomedical 
Engineering and Biophysics, and Director of the Center for Advanced Biotechnology, at 
Boston University. Before taking that position, I held professorship positions at Columbia 
University and the University of California, Berkeley. I have been the Chief Scientific 
Officer and Chairman of the Scientific Advisory Board of Sequenom, Inc. since 1998, and in 
May 2000 was appointed to the company's Board of Directors. I oversaw studies carried 
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out by the inventors that led to the scientific discoveries presented in the above-identified 
patent application. 

2. I have reviewed the patent application and the rejection in the Office action dated 
September 18, 2006 based on a perceived lack of written description. I understand this 
perception may be addressed and overcome by showing the inventors had possession of 
the claimed methods at the time the patent application was filed. Below, I describe (i) 
methodology and discoveries presented in the patent application, (ii) genetic principles 
forming the basis for these discoveries, (iii) identification of another disease-associated 
locus using similar methodology, (iv) publicly available database information in support of 
the reported discoveries, and (v) other experimental evidence substantiating the 
discoveries. The data and methodology presented in the patent application and supporting 
evidence show the inventors had possession of the claimed methods at the time of filing. 

3. Presented in the patent application is a genomic study in which many single 
nucleotide polymorphism (SNP) positions, spaced throughout the entire human genome, 
were typed in two populations: a melanoma population and a "healthy" control population. 
Certain variants occurring with a significantly high frequency in the cancer population were 
identified as markers residing in candidate loci associated with the disease. The inventors 
then verified that additional SNPs proximal to the incident marker polymorphism in each 
locus were significantly associated with the disease. Regions that contained multiple 
disease-associated polymorphisms were verified as being significantly associated with 
melanoma. One region identified by this method was a region encoding the BRAF protein, 
and the inventors typed additional polymorphic sites in this region. Of these, several 
polymorphisms were significantly associated with melanoma, and they were spaced across 
the studied region. This region, or "hot zone," is the region specified in amended claim 1 . 
Thus, the inventors identified that the BRAF region was significantly associated with 
melanoma by (i) identifying a locus containing an incident polymorphic marker associated 
with the disease in a genome-wide scan, and (ii) verifying multiple polymorphic sites 
proximal to the incident marker in the locus also were associated with the disease. 
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4. Identifying a disease-associated region by this methodology is supported by 
accepted genetic principles. The concept of linkage disequilibrium in genetics embodies 
the phenomenon that a disease-associated region in the human genome contains a 
cluster of polymorphisms associated with a disease state. Specifically, 

markers very close to the disease gene will tend, more likely than average, 
to retain the haplotype of the original chromosome because, as the distance 
to the disease gene shrinks, it becomes less likely that recombination 
events will have occurred in this particular region. 

From Cantor & Smith, Genomics: The Science and Technology Behind the Human 
Genome Project, 1999, John Wiley & Sons, Inc., New York, page 192. Thus, identifying 
multiple polymorphisms associated with a disease state within a region identifies the region 
as associated with the disease state . Accordingly, the inventors identified the claimed 
region as being associated with melanoma when they verified multiple polymorphic variants 
in the region were significantly associated with the disease. 

5. Identifying a disease-associated region by this methodology is supported by the 
work of other researchers. Researches using similar methods independently located a 
complement factor H (CFH) gene region as being significantly associated with age-related 
macular degeneration (AMD). Klein et a/., like the inventors of the present patent 
application, screened SNPs spaced across the entire human genome in disease and 
control populations, and identified polymorphisms significantly associated with the 
disease 1 . Klein et al. then sequenced exons in the locus containing the associated SNPs 
and identified proximal polymorphisms associated with the disease. Edwards er al., 
screened proximal polymorphisms in the CFH region and identified a sub-region particularly 
associated with the disease 2 . Haines er al. also identified the same CFH gene region as 
being associated with AMD from a 261 kilobase pair region containing a haplotype 
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associated with AMD 3 . Hageman etal. and Zareparsi et al. further confirmed the 
association of the CFH region with AMD 4,5 . 

6. I would like to point out that the inventors typed a significant number of 
polymorphisms in the BRAF region in the process of determining that the region was 
associated with melanoma. The following table shows, according to the BRAF region 
analyzed and claimed, (i) the number of polymorphisms the inventors analyzed, (ii) the 
number of polymorphisms in the HapMap database, (iii) the number of polymorphisms 
analyzed by the inventors overlapping with the HapMap database polymorphisms, (iv) the 
number of polymorphisms in the HapMap database having a minor allele frequency (MAF) 
of greater than 0.05, and (v) the number of polymorphisms analyzed by the inventors 
overlapping with the HapMap database polymorphisms having a MAF greater than 0.05. 



Region 


Inventor 

polymorphisms 

(IP) 


HapMap 

polymorphisms 

(HP) 


Overlap of IP 
and HP 


HP with MAF 

>0.05 

(HP>0.05) 


Overlap of IP 
and HP>0.05 


BRAF 


12 


73 


10 (14%) 


43 


10 (23%) 



In the claimed region, the inventors therefore analyzed 23% of the polymorphisms currently 
in the HapMap database having a MAF of greater than 0.05 at the time the present patent 
application was filed (i.e., September 11, 2003), which was more than three-and-a-half 
years ago. This degree of overlap with polymorphisms in the HapMap database is on par 
with, or better than, the overlap of polymorphisms Klein et al. analyzed for determining the 
association of CFH with AMD. Specifically, Klein etal. analyzed 13% of the CFH region 
SNPs in the HapMap database (analyzed 19 of 152 in the database; paragraph spanning 
pages 386-387). The inventors therefore identified the claimed BRAF region association 
with melanoma by analyzing a significant number of polymorphisms. 

7. The inventors also collected further genetic data showing that the BRAF region 
was associated with melanoma. The inventors analyzed haplotypes within the claimed 
region and determined polymorphic variants associated with melanoma at positions 68398, 
76779, 138875 and 146311 in SEQ ID NO: 1 were in strong linkage disequilibrium (LD). 
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These positions correspond to rs 1267821, rs1 267608, rs 1267646 and rs1 639679, 
respectively , and data is presented in paragraphs 00225 to 00228* Thme four polymorphic 
variants are located at the termini of the claimed region and the finding of strong LD 
provides evidence that the claimed region is significantly associated with melanoma. Also, 
the population sizes for the haplotype study are significant as there was acombined 
melanoma population of 1000 individuals and a combined control population of 898 
individuals (e.g., Table 13). 

8. I declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further, that 
these statements are made with the knowledge that willful, false statements and the like so 
made are punishable by fine or imprisonment or both, under Section 1 001 of Title 18 of the 
United States Code and that such willful faise statements may jeopardize the validity of the 
application or any patent issued thereph. 



Executed in San Diego, California, on £vF July 2007. 




Charles Cantor, Ph.D. 
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Academic Qualifications: Columbia University, A.B., 1963. University of California, Berkeley, California US, PhD. 1966. 

Academic Qualifications: 1966-69, Asst. Prof, of Chemistry, Columbia Univ.; 1969-72, Assoc. Prof, of Chemistry, joint 
appointment in Biological Sciences, Columbia Univ.; 1972-81, Prof, of Chemistry, joint appointment in Biological 
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